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ABSTRACT 
Next-Generation Sequencing (NGS) is quickly becoming a key tool in research and 
diagnostics of human Mendelian, oligogenic, and complex disorders. Currently, there are 
about 2,550 sequencers located in 920 centers all around the world. The average turnaround 
time for exome sequencing is four weeks, and eight weeks for complete genome 
sequencing. Because the price and turnaround time for sequencing has dramatically 
decreased over the past decade, large amounts of human sequencing data are now 
available. It is estimated that between 50,000 and 100,000 individuals have been sequenced 
worldwide by now. This raises major challenges in terms of data storage, management, 
exchange, and for federated analysis. This also raises substantial ethical and privacy issues. 
 
Estimates for data storage reveal that at least 50 GB are necessary to store all files (fastq, 
bam, vcf, etc.) related to the whole genome sequence of one individual. To process the 
large-scale data generated by human genome sequencing, well-designed infrastructures 
supported by powerful computational resources and large storage facilities are essential. 
When performing case studies or association studies, lack of reference/control cases or 
limitation in the number of patient cases is a major bottleneck. To resolve this, we need to 
expand the study by finding additional related cases. This will be only possible with effective 
data exchange or collaborative querying systems. Furthermore, downloading data from 
public data repositories (dbGAP) is time consuming and not cost effective. Besides, privacy 
and security issues restrict the effectiveness of the collaboration between different research 
institutes. 
 
We have developed an online tool (NGS-Logistics) that fulfills all requirements of a 
successful application that can process data inclusively and comprehensively from multiple 
sources while guaranteeing privacy and security. NGS-Logistics is a web-based application 
providing a data structure to analyze NGS data in a distributed way. A key feature is that 
queries are executed across multiple centers without moving primary data around. In the first 
step we are focusing on the detection of variation over different kind of phenotypes. Data is 
available at several different sequencing centers. For different research groups, their 
Principal Investigators (PI) are added to the system. Datasets of sequencing samples with 
full project description and sample information are defined and associated to PIs. Users can 
request access to the different datasets. Well-defined Access Control List (ACL) mechanisms 
provide access of users to the right datasets and operations. This guarantees appropriate 
access control and privacy of the data. Each operation consists of queries and tasks, which 
we have designed to analyze data. Queries submitted by users are picked up by a job 
controller, and sent to all centers. Depending on the type of query, desired results are 
generated and are returned to the main system. Results are divided into two parts, the first  
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part is related to the samples to which the user has authorized access, and for which the 
users can see all details. The second part contains results for the whole population, for which 
the user has only access to some aggregate statistics without details. An example of such a 
query would be to review the mutations present at a single genomic position in each 
individual patient from a set of patients to which the user has authorized access (1st part) 
and to contrast these results with background frequency of mutation in the reference 
populations (2nd part). 
 
The pilot version of NGS-Logistics has been installed and is currently being beta-tested by 
users at the Center for Human Genetics of the University of Leuven. Currently we have two 
installations of the system, the first one at the Leuven University Hospitals and the second 
one at the Flemish Supercomputing Center (VSC). The development of NGS-Logistics has 
significantly reduced the effort and time needed to evaluate the significance of mutations 
from full genome sequencing and exome sequencing, in a safe and confidential environment. 
This platform provides more opportunities for operators who are interested in expanding their 
queries and further analysis. 
 
